Supplementary Methods, Flynn et al., The evolution of ecological diversity in biofilms of Pseudomonas aeruginosa by altered cyclic diguanylate signaling.
Biofilm-evolved cells were found to experience 7.00 ± 0.85 generations per day compared to 6.6 generations per day expected based on the dilution of 50 uL into 5 mL of fresh M63 media performed daily. Although more subtle variation likely exists, we assumed equal rates of growth rate and adaptation under both experimental conditions and report the number of generations of adaptation experienced for populations and isolates based 6.6 generations per day. Consequently, sampling after 17, 25, 44, 66, 75 and 90 days of transfers are assumed to correlate with approximately 110, 170, 300, 440, 500 and 600 generations of adaptation throughout.
We also acknowledge that our method selecting for 'reversible stickiness' is inherently complex by design. As such, we typically assume that cells must attach, disperse and reattach to new beads to survive in our system. However, the lack of a rinse step that would exclude purely planktonic cells also means that these cells may Genome sequencing and mutation identification. Samples were sequenced from 27 metagenome samples isolated after 115, 170, 300, 440, 500 and 600 generations from each biofilm-evolved population and 440 and 600 generations from each planktonicevolved population. This yielded 20.2 giga-base-pairs of sequencing data. Genomic DNA from each population sampled after the final day of experimental evolution was extracted from 1 mL of overnight TSB cultures started from freezer stocks utilizing Qiagen's DNeasy Blood & Tissue Kit. Library construction and sequencing were conducted using the Illumina Nextera DNA Sample Prep Kit and sequenced using the Illumina HiSeq2500 at the Hubbard Center for Genomic Studies (HCGS) at the University of New Hampshire. The BRESEQ software package (1) was used to align reads to the Pseudomonas aeruginosa UCBPP-PA14 reference genome (2) , and also identify mutations present in each sample. The mutations were manually validated through the examination of BRESEQ's graphical output of aligned reads. Furthermore, we sequenced genomic DNA from our laboratory's ancestral PA14 stock to eliminate pre-existing mutations, and to help eliminate false positives introduced by sequencing and alignment error. These samples enabled us to determine both the likely causes of the mutator phenotypes and the timing of their occurrence within each replicate population. Other results will be reported elsewhere.
Extraction of cyclic-di-GMP. Cyclic-di-GMP was extracted using a nucleotide extraction method described previously followed by liquid chromatography-tandemmass spectrometry (LC-MS/MS) (3, 4) . Briefly, cells were suspended in 250 µL of extraction buffer containing 40:40:20 methanol, acetonitrile, and 0.1 N formic acid.
Extraction mixtures were incubated at 20˚C for one hour. After the incubation, 200 µL of the supernatant was transferred to fresh, cold tubes containing 8 µL of 15% ammonium bicarbonate. Samples were dried using a gas manifold and re-suspended in 100 µL of the mobile phase buffer. Due to the instability of c-di-GMP in mass spectrometry mobile phase buffer (10 mM tributylamine and 15 mM acetic acid in 97:3 water/methanol), samples were quantified immediately after processing. Extractions were performed after 17 hours from both planktonic phase and biofilm-associated cells grown under evolution conditions (see above). Cellular yield before each extraction was also determined to allow for standardization of the results following quantification. Values are reported as absolute micromolar concentrations given an estimate of the average volume per cell of 0.83µM 3 .
Confocal microscopy. Constructed communities containing individual members harboring pMQ30 were grown for 24-36 at 37 ˚C with half of a polystyrene cover slip.
After growth, biofilm-coated cover slips were carefully removed and placed into a sterile petri dish containing 20 uM SYTO-62 red fluorescent dye (Invitrogen, Carlsbad, CA, USA) for 10 min. After staining of the biofilm, the sample was preserved with a thin layer of 0.1M DABCO. A glass cover slip was supported over the sample with stacked plastic cover slips. Images were taken using a Zeiss 510 META Laser Scanning Microscope (Zeiss, Oberkochen, Germany).
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Figure S1
. Method of long-term experimental evolution in biofilms in which genetic and ecological conditions can be reconstituted from archived samples. Each day, cells must attach to a plastic bead, grow in a biofilm, and disperse to a new bead. . Hypermutation evolved in replicate biofilm populations but not planktonic populations. Fluctuation tests with representative isolates from replicate populations approximated the mutation rate through the spontaneous appearance of mutants resistant to 1 µg/mL ciprofloxacin and 100 µg/mL gentamicin (data not shown). Horizontal bars represent the median rate of mutation. Figure S4 . Isolates of individual morphotypes tend to be relatively more fit than the complete community. Individual isolates were competed head-to-head against the PA14 ancestor and standardized relative to the competitive ability of the complete community vs PA14. An experimental mean of one represents equivalency to the complete community. Four out of the seven types present in B1 at the end of the experiment were significantly more fit than the entire community (P < 0.05). Included are the t-statistics (t) and degrees of freedom (d.f.) for post-hoc analyses. Numbers in parentheses represent 95% confidence intervals (CI) for relative selection rate values. Letter abbreviations refer to a specific B1 isolate: A = Apollo, D = Demeter, H = Hera, M = Minerva, O = Olympus, P = Poseidon, V = Vulcan (Table 1 ). (Table 1) . Figure S6 . The V morphotype does not facilitate the attachment of other types.
Despite a large fitness benefit in monoculture by the V type (Vulcan , Table 1 ), this type is not able to facilitate the attachment of others to the walls of a 96-well plate unlike the D type ( Figure 4 ). This interaction was assessed by pair-wise biofilm production assays where V was allowed to colonize a surface for four hours before the addition of a secondary isolate. 
